The aim of this paper is to demonstrate the significant differences that would emerge in policy formulation, when environmental capital (KN) is explicitly accounted for in macroeconomic analyses. These differences are illustrated with reference to selected Organisation for Economic Co-operation and Development (OECD) economies namely: Australia, Canada, and the USA. The main analytic framework considered is a factor utilization function -which traditionally deals with Labour (L) and manufactured Capital (KM). The development of a three-factor function in terms of L, KM and KN enables the display of mistaken notions of economic performance. That is in the absence of KN, policy makers overstate the performance of L and KM.
INTRODUCTION
The measurement and accounting of environmental capital (KN) in Gross Domestic Product (GDP) has not been fully reconciled by National Income Statisticians and is still a subject of debates and differing viewpoints. Although mainstream economics has started to recognise KN, there remains no consensual approach for the measurement of KN 1 . Such complexity does not suggest that the measurement of KN, critical to the development of sustainable macroeconomic policies, is impossible. Unavoidably, however, there will be assumptions and limitations to consider. Traditionally, the economic growth performance of an economy has been measured with reference to a 2-factor income model, which is given by Y = f ( KM, L ).
The most widely used model is the Cobb-Douglas (C-D) factor utilisation function 2 . In this paper, a 3-factor income model, Y = g ( KM, L, KN ) will be introduced as shown in Thampapillai (2012) . As Daly (1997) argued, outcomes would differ if natural resources were included in the economics of production. A similar view was offered earlier by Nordhaus and Tobin (1972) . To illustrate this view, Daly (1997) used a simple example of baking a cake without the ingredients. To bake a larger cake, the cook needs only to stir it faster in a larger bowl and bake it in a larger oven. The bowl and oven are the capital, and the cook is the labour. However, without the ingredients (natural resources), there will be no cake. Thus, one way to appreciate the function of KN is through the inclusion of KN in the factor income model.
An economy's capacity is defined in terms of the complete utilisation of the labour force (L f )
and is considered in terms of the steady state equilibrium (SSE) as explained in the early neoclassical work of Solow (1956) and Swan (1956) . Steady state (S-S) literature is now outdated. For example, in contemporary macroeconomic models, technology is no longer regarded as exogenous; instead, it is considered endogenous. Nevertheless, the choice of the neoclassical growth model is favoured for reasons of illustrative convenience especially in terms of the analytics of point estimate. Furthermore, it is also noteworthy that the endogenous formulation [see Romer (1986) ] is based on the neoclassical Swan-Solow (1956) framework.
The paper is structured as follow. Section II provides the basis for measuring the role of KN in economic growth. A conceptual basis and a methodological framework for measuring KN are discussed in turn. The empirical evidence of KN utilisation for the selected OECD 2 KM is manufactured capital and L is labour.
economies from 1990 to 2009 is presented. Section II concludes with a brief discussion relating KN utilisation to income gaps (economic capacity) and employment. Section III begins by defining the steady state, followed by a derivation of the steady states for both the standard macroeconomic and environmental-macroeconomics (EM) models. Note that the standard macroeconomic model is based on the Cobb-Douglas (C-D) factor utilisation function. And the EM model is based on a 3-factor utilisation function, the third factor being environmental capital (KN). The steady states will be operationalised and the empirical evidence based on the two models presented. Section IV will review how the long-term trends of the economies relate to the economies' macroeconomic goals of inflation, employment, and GDP growth. Section V concludes the discussion of this paper.
II. FACTOR UTILISATION FUNCTION FROM 2-FACTORS to 3-FACTORS
Existing literature explains the distribution of national income between 2 factors, namely KM and L. A widely used model is the C-D factor utilisation function which describes the relationship between income and the inputs KM and L. Assuming that this function displays constant returns to scale (+= 1) [Hartwick, (1978 [Hartwick, ( , 1991 , Solow (1986), and Nordhaus (1992) ], the C-D function takes the following form:
where  is the total factor productivity coefficient, is the share of income to capital, and is the share of income to labour. This is based on the assumption that the factors are paid their respective marginal products.
The coefficients and of the assumed functional forms can be estimated using point estimate data on the premise that equation (1) is valid. Income statements in national accounts contain an identity that allows for this estimation. This identity is:
where OS is the operating surplus, which is the sum of the payments to KM and CE is the compensation to the employees, which is the sum of the payments to L.
Therefore, it follows that:
The contention in environmental-macroeconomics (EM) is that income, Y is not purely attributed to KM and L. KN must also be accounted for because it plays an important role in the formation of Y, similar to the above cake-making example from Daly. This relationship suggests that the contributions of KM and L in the standard factor utilisation function are overstated.
In terms of this premise, there is a need to revise the C-D factor utilisation function to the 3-factor utilisation function as follows:
where is the total factor productivity coefficient, ' is the share of Y to KM, ' is the share of Y to L, and  is the corresponding share of Y that accrues to KN. When KN is considered 6 as a third factor, the same level of income would then be attributed three-ways to KM, L and KN. As a result, income in the 3-factor income model will fall below that of the 2-factor income model (Thampapillai, 2012) . The following discussion on the conceptual basis for measuring KN follows Thampapillai (2012) and Thampapillai and Sinden (2012) .
A. CONCEPTUAL BASIS FOR MEASURING KN Figure 1 .1 below displays both the 2-factor and 3-factor income models 3 . This figure also displays 2 horizontal scales. The first is KM, which is the accumulated stock of manufactured capital. The second is K, which is a composite measure that comprises the amount of KM accumulated and the amount of KN utilised. Thampapillai & Sinden (2012) assume that KM and KN can be measured with the same numerical scale and, hence, can be aggregated.
3 The income definition in the 2-factor model does not make any allowance for depreciation for KN (D KN ) . However, the definition in the 3-factor model makes an allowance for D KN . With this consideration for D KN , the 3-factor income model will fall below that of the 2-factor income model as indicated in Figure 1 .1 is reproduced from Figure 13 -2 of Thampapillai & Sinden (2012) .
To achieve a given rate of growth, the amount of KN used towards production will increase. Thampapillai & Sinden (2012) assume that can be regarded as the share of Y that accrues to KN. Hence, it follows that a sustainable income, Y' would be adjusted accordingly by a factor of (1-) as follows: 
The time series point estimate is assumed valid in each year of the time series. The analysis of point estimates capture productivity changes for each year of the time series. Therefore, any change in multi-factor productivity (MFP) is made through and' as point estimates for each year.
B. METHODOLOGICAL FRAMEWORK FOR MEASURING KN
The following methodological framework details the steps taken to estimate KN 7 :
i. The OECD 8 economies selected for this study are Australia, Canada, and the USA. Income Approach to National Accounts (IANA); GDP Deflator; and Employment (L).
All of the monetary estimates are in the appropriate national currency at current prices ii. The GDP deflator was used to convert the current value estimates to constant values.
Note that the base year is 2005. To smooth any cyclical variations, the Hodrick-Prescott (HP) filter was applied to the variables C, GCF, S 9 , CE, and OS
iii. The perpetual inventory method 10 was used to estimate the capital stock 11 (KM). GCF is the Investment (I) and the logarithm of GCF is computed to express the values in a more natural way. The size of the capital at the initial time period of the time series can be determined and estimated by the coefficient , which is defined as the ideal rate of increase for KM per annum. The initial size of the capital stock is denoted as KM t=1 for the first year and is estimated from the GCF value. This value is defined as follows:
7 Thampapillai (2012) estimated KN by apportioning KN from KM and L. This method has limitations because it does not account for changes in which is the share of income to KN, as a factor of income. Please refer to point vii. for a proposed response to address this limitation. 8 The OECD database was selected because it has a full set of national income accounts with data dating to 1980. 9 Savings (S) = GDP -C -G. 10 The perpetual inventory method is used for the calculation of fixed assets when direct information is difficult to obtain (Eurostat, 1995) . 11 Note that in the absence of sensitivity analysis, the results and assumptions may not be robust.
where  is the rate at which capital stock depreciates over 30 years, which is assumed to be (1/30) = 0.0333. The size of the capital stock for subsequent years can now be estimated by:
iv. The labour (L) is estimated to be the level of total labour force employed. This is obtained directly from the OECD database v. The value of θ is estimated to be (OS / Y) as in equation (3) Hence,  and  must be revised to ' and '. This revision is necessary because the original variables are overstated from the inclusion of the income share from KN.
In this study, ' and ' were estimated using shadow pricing. The shadow price is the price of the factor of production when the market is perfect, for example when full employment is observed. Thus, the coefficients ' and ' can be defined as follows:
where P KM is the shadow price of KM, which is estimated to be (OS / KM) and P Lt is the shadow price of CE, which is estimated to be the capital equivalent price of L. The method adopted in Thampapillai (2012) is to convert CE to explain the context of unemployment. This conversion is performed by dividing CE by the labour force to estimate a wage rate that would support full employment. The revised value of CE, namely CE St is then the product of the employment and the shadow wage rate, which is Both gaps can be estimated for all of the years by making substitutions for , , , ',',',and  from point estimate data. This gap measures the capacity that is available in an economy and is measured for both of the factor income models. The effect of KN on the income model is apparent because the gap is generally smaller in the 3-factor income model relative to the 2-factor income model. Such phenomenon where the income gap in the 2-factor income model is overstated can be explained by the concept of income efficiency. For example, an economy is considered efficient when the income gap is rising with a low level of KN utilisation.
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An appropriate measure to exemplify the presence of KN across both models would be:
If this value is positive (>0), then it is evident that in the presence of KN, the income domain has been reduced. Furthermore, if this value is positive and the trend is an increasing one, then it appears that the capacity constraint is becoming more stringent over time. The results are presented in Tables 1.2 as well as in Figure 1 .3 which shows the time-series trends of the economies' income gaps. 
III. STEADY STATE EQUILIBRIUM (SSE)
The SSE in the Swan-Solow framework is the amount of capital accumulated that is just sufficient to meet the needs of capital (KM) depreciation and the entry of new workers. Capital accumulation is assumed to emerge directly from savings. In other words, savings (S) is equal to investment (I), S = I. Furthermore, the pertinent variables in the framework are described in per worker terms. These variables are as follows:
i.
Capital per worker
ii.
Savings per worker
iii.
Output per worker
The 2-factor [ Y = f ( KM, L ) ] C-D model is used to explain the relationship between k and y;
and between k and s. That is,
where is the total factor productivity and is the savings rate per worker.
The SSE can be derived in terms of a point estimate as:
where is estimated as the savings rate per worker and the national savings (S) is defined as S = GDP -C -G thus ρ = (S / GDP); is the total factor productivity; is the rate of depreciation of KM;  is the entry of new workers into the workforce (or the annual growth of labour);  is KN as a factor of KM;  KN is the depreciation of KN which is estimated using a method outlined in Thampapillai and Hanf (2000) . Here P KN is defined as (Y / KN). Recall that is the share of Y that accrues to KN. Then  KN is (P KN -i KN ) and is based on the premise that the price of any capital is the sum of the interest rate and the depreciation. As in Thampapillai and Hanf (2000) , the interest rate was assumed to be the same as that of KM.
This scenario is illustrated in Figure 1 .5 below. kn  The SSE is defined by the quantity for KM per worker:
The new parameters in Equation (19) are Please see Table 1 .5 for the definition of these contexts.
Scenarios
Accumulated capital stock relative to SSE in both the 2-factor (k * ) and 3-factor model (k ** )
State of an economy In summary, the steady states for the C-D factor utilisation function (k * ) and the 3-factor utilisation function (k **
) and the estimation of KN are reproduced below: 
A. STANDARD MACROECONOMIC MODEL VERSUS ENVIRONMENTAL-MACROECONOMICS (EM) MODEL TIME-SERIES PRESENTATION
The economies of Australia, Canada and the USA are graphed using the steady state ratios of 
Upward Linear Trends Beyond Capacity
Australia is operating beyond capacity (the ratio is less than one) for both the standard macroeconomic and EM models. The linear upward trend demonstrates a freeing up of capacity in the economy.
Australia is tending toward steady state (a ratio value of one) in the standard macroeconomic model. However, the Australian economy remains at beyond capacity (at a ratio of less than one) in the EM model. There is a divergence of the two graphs toward 2009.
Downward Trends Beyond Capacity
The USA has been using its spare capacity since 1980 and operates beyond its capacity (the ratio is less than one) from 1998 to 2009. There is an observed convergence of both graphs toward 2009. 4 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 USA k*/k USA k**/k
Cyclical Trends
Canada is displaying a cyclical trend and operating with excess capacity (a ratio of greater than one) before tampering and hovering near steady state (a ratio value of one) in the standard macroeconomic model.
In the EM model, Canada is operating at beyond capacity (a ratio of less than one) but accumulated capacity and moved to operating with excess capacity (a ratio of more than one). A slight convergence of the two graphs can be observed nearing 2009. 
IV. LONG RUN MACROECONOMIC GOALS of INFLATION, EMPLOYMENT, and GDP GROWTH
The long run analysis of the model discussed in this section has been made with respect to the steady state ratios of the selected OECD economies. Based on the discussion, an economy can According to Holt (2005) , natural capital is based on a dynamic relation between a physical and a biotic environment (which can be unpredictable). The Bruntland Report proposed a change in the exploitation process of resources that would be consistent with future as well as present needs. Hence, there should be moderation of the increase in economic growth. It is crucial to measure the effects of economic activities that are sustainable and resilient with the ecosystems and natural resources. Because of the level of uncertainty, it may be difficult to know the effects of economic growth on the resilience of the environment and natural resources (Holt, 2005) .
The challenges for policy makers with respect to macroeconomic goals are as follows. First, is inflation set within acceptable levels for policies to be effective? Second, can greater employment be achieved without significantly impacting inflation? Third, how much is an economy allowed to grow? To sustain natural resources, reduce environmental degradation, and protect a fragile ecosystem for future generations, a steady state should consider KN in addition to the three macroeconomic goals. Sustainability is incorporated by focusing on the macroeconomic and policy outcomes, and on the uncertainties in an economy.
V. CONCLUSION
The aim of this paper is to present a steady state analysis of the standard macroeconomic model and the EM model. It has been demonstrated that the capacity of an economy can be overstated without appropriate consideration for KN which may result in the policy ranges to be incorrectly 
